Drought is one of the important phenomena resulting from variability and climate change. It has negative effects on all economic, agricultural and social sectors. The objective of this study is to rapidly detect climate dryness situations on an annual scale at the Mellah catchment (Northeast Algeria) for periods ranging from 31 years through the calculation of: the standardized precipitation index (SPI), the standardized Streamflow index (SSFI), the standardized temperature index (STI). Calculations made it possible to locate periods of drought more precisely by their intensity, duration and frequency, and detect years of breaks using the tests of Pettitt, rang, Lee and Heghinian, Hubert and Buishand. The use of the statistical tests for the rainfall series analyzed show all breaks, the majority of which are in 1996/1997 and 2001/2002. For the temperatures the breaks are situated in 1980/1981.
INTRODUCTION
According to SVOBODA et al. [2012] , drought is an insidious plague that results from a decrease in precipitation from levels considered normal. When the phenomenon lasts a whole season, or over a longer period, rainfall is insufficient to meet the needs of the environment and human activities. Drought must be considered a more relative than absolute state. It is indeed a phenomenon of regional scale and each region has its own climatic characteristics. Temperature, wind and relative humidity are also important factors in characterizing drought. This has led many researchers to study climate change in the world and in Algeria in particular [DJELLOULI et al. 2016; FARAH 2014; GHENIM, MEGNOUNIF 2011; GHERISSI 2018; IBRAHIM, 2012; KHOUALDIA et al. 2014; MERABTI 2018; OTMANE et al. 2018; SORO et al. 2014; SOUBEYROUX et al. 2012 ].
According to AOUN SEBAITI [2010], Algeria's water resources are currently relatively well known, but the drought that has been raging for more than 20 years has led water services to update their assessments of water quality rainfall in each region. Algeria has experienced many periods of drought of varying magnitude during its history. Some of them have had sometimes dramatic repercussions on the living conditions of the population, particularly in rural areas (1943) (1944) (1945) (1946) (1947) (1948) ; the most severe and persistent droughts are those observed during the 1980s to 1990s, when the rainfall deficit was estimated at 50% for the central regions and in western Algeria and 30% in the East. The year 1988/1989 was classified as a dry year for Algeria. This drought has had a negative impact on the flow regime of the wadis, on the supply of the groundwater and on the filling level of the roadblocks. It was followed by many floods that have been marked all over the country Algerian territory [KHOUALDIA et al. 2014] . MEDDI and MEDDI [2009] present drought as the most recurrent climatic phenomenon in most of Africa. The northern part of Algeria is characterized by a Mediterranean climate with a relatively cold and rainy winter and a hot and dry summer, the rainfall reaches 400 mm in the West, 700 mm in the Center and 1000 mm in the East for the littoral. According to MEBARKI [2009] , eastern Algeria is the most water-logged region in the country and, as a result, has the largest share of surface water resources. With an average annual flow of more than 200-300 mm in the Tell basins, it is clearly opposed to western Algeria where the dominant semi-aridity allows only mediocre flows, mostly less than 50 mm per year. The relative rainfall abundance of eastern Algeria does not exclude that this region has also experienced drought since 1980. However recent studies KHOUALDIA et al. [2014] show that a trend towards a return of rainfall is observed for the period 2001-2007. According to KHEZAZNA et al. [2017] during the period 1995-2011, a gradually return to normal precipitation is observed; moderately wet and very wet conditions were recorded in the most areas of the Seybouse watershed, with different spatial extents. Though, the deficit of rainfall persists in the center of the basin (Guelma, Ain Makhlouf) over the entire period.
In the North-East of Algeria, Wadi Mellah crosses the regions of Souk Ahras and Guelma to flow into Wadi Seybouse and participates as a water source in economic activities (agriculture, industry ...). As for Wadi Mellah, a major tributary of Seybouse, irrigates the Bouchegouf Plain (East of Guelma) and runs along the South-West study area to the North-East.
Knowledge of the climatic variability of a watershed such as the Mellah catchment, where hydraulic facilities are lacking, is necessary for the integrated management of water resources such as the design of hydraulic structures. The present work will focus on the analysis of the climate drought situation on an annual scale, in order to follow its evolution and to understand its impact on water resources in the Mellah watershed. We will adopt revealing indices of its degree of intensity as a methodological approach to identify the relationship meteorological drought and hydrological drought.
STUDY AREA
The watershed Wadi Mellah (Fig. 1) covers an area of 552.38 km 2 . It is located in northeastern Algeria, East of the Seybouse watershed, it constitutes the fifth sub-basin after those of: upstream Cherf, downstream Cherf, Bouhamdane and middle Seybouse. The Wadi Mellah is the main tributary of the right bank of the Seybouse with which it converges, at the mouth of the Guelma Valley (Fig. 2) . It owes its name to the high salinity of the waters of the downstream catchment. This is due to the leaching of Triassic gypsum soils located in the central basin. Wadi Mellah, a tributary rises of north-west slope of the Medjerda Mountains. Wadi Mellah receives some important tributaries, among others: Wadi Zarin, Wadi Rirane, Wadi Labiod, Wadi Bouredine, Wadi El Meza, Wadi Ghanem, Wadi Chham, Wadi El Hammam and Wadi Bouzaraa. It is elongated in shape with a south-western/north-eastern orientation and a very heterogeneous topography. The basin includes all cultivated agricultural land. The region is subject to a Mediterranean climate characterized by two distinct seasons: one humid and the other dry. The average annual precipitation is about 885 mm and the average temperature is 16.5°C. The geology of the region is represented by three main formations: the permeable alluvial deposits of the Quaternary, which are of vital importance for the hydrogeology of the region, and the two impermeable or semi-permeable formations that constitute the boundaries of the natural reservoirs. These formations are represented by Numidian sandstone and Triassic formations. Alluvial deposits are groundwater reservoirs that are drained by the Mellah wadi [CHAOUI et al. 2013 ]. Table 1 .
The interannual variation of the runoff's depth recorded at the Bouchegouf station ( Fig. 4) , indicates an important irregularity. We observe an exceptional year in 2002/2003 with 493 mm, the minimum of 17 mm is recorded in 2001/2002. The interannual variation of precipitation recorded in the three stations ( Fig. 4) , highlights a sig- 1979/1980-2009/2010 Source: own elaboration. 2009 /2010 , Hammam N'bail in 2003 /2004 and Bouchegouf in 2002 /2003 . The minimum is recorded in 1987 /1988 in Mechroha, Hammam N'bail in 1982 /1983 and 2001 /2002 in Bouchegouf. The interannual variation in temperatures recorded at the Souk Ahras and Guelma stations during the period 1979 /1980 -2009 /2010 ) shows a synchronism between the data of the two stations. The maximum temperature was recorded in 1987/1988 with 18.02°C in Souk Ahras and 17.73°C in Guelma. On the other hand, the minimum value was observed in 1979/1980 with 15.40°C in Souk Ahras and 15.17°C in Guelma. Fig. 5. Interannual temperature variation (1979 /1980 -2009 /2010 ; source: own elaboration
DETECTION OF BREAKS IN ANNUAL SERIES
In hydrology, two major forms of non-stationarity are of interest: trends and breaks. It can also be noted that a break refers to a sudden change in the properties of a random process, a trend is a gradual change in the properties of a random variable. A stationary time series: its properties are invariable over time. RYBSKI and NEUMANN [2011] , in time series analysis the concept of change points, indicating a change in the statistical behaviour, is of basic interest. In geoscience the cause of such events can be anthropogenic interventions to the riverbed in the case of hydrologic records, modifications of instrumentation, or climate change. Thus, it is a quest to identify whether such a point of change exists and if so, to locate it in time. At first, the usage of the term "change point" does not clarify what it really is, e.g. an abrupt change of the mean, the beginning of a linear trend, or the change of piecewise (linear) trends.
We have tried to apply to the annual series of precipitation, temperature and flow, five statistical homogeneity tests using time series statistical analysis software (Khronostat 1.01) produced by the Research Institute for IRD development and the University of Montpellier [BOYER 1998 ].
Pettitt test
According to FOSSOU et al. [2014] , the Pettitt test is a modified version of the Man-Whitney test, it has been described by several authors THORSTEN 2018] . It makes it possible to check the station- ary of the rainfall series. A statistical study is defined from the two sums thus determined, and tested under the null hypothesis of membership of the two sub-samples to the same population. This test is based on the calculation of the variable Ut, defined by equation (1). Table 2 , which indicates the probability associated with the test statistic. A qualitative ranking is made taking into account the values of this probability.
∑ ∑
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Buishand test
According to KHOUALDIA et al. [2014] , assuming a uniform prior distribution for the position of the breakpoint t, the statistic U is defined by equation (2). For k = 1, …, N and Dx is the standard deviation. In case of rejection of the null hypothesis, no estimate of the break date is proposed by this test. In addition to this procedure, the construction of a control ellipse makes it possible to analyze the homogeneity of the series of variable Sk, defined below which follows a normal distribution of zero mean and variance k (N -k) N -1σ 2 , k = 0, … , N. It is therefore possible to define a so-called control ellipse confidence region associated with a confidence threshold containing the Sk series.
Bayesian method of Lee and Heghinian
The Bayesian method of Lee and Heghinian [BRU- NEAU, CLAUDE 1983; LEE, HEGHINIAN 1977; LUBES-NIEL et al. 1998 ] does not express itself as a classical statistical test. However, its interpretation aims at confirming or invalidating the hypothesis of a change of mean in the series. This is a parametric approach that requires a normal distribution of the studied variables. The  i are independent and normally distributed, of zero mean and variance  2 .  and  represent respectively the position in time and the amplitude of a possible change of mean. The Bayesian procedure is based on the posterior marginal distribution of  and . When the distribution is unimodal, the date of the break is estimated by the mode with all the more precision as the dispersion of the distribution is weak. The procedure is based on the following model:
Hubert test NDIAYE [2003] , unlike Pettitt's test, presented Hubert's test which can detect several break dates in a time series. The principle of this procedure is to "split" the series into m segments so that the average calculated for the whole segment is significantly different from the average of the neighbouring segment (s). Such a method is suitable for looking for multiple changes of mean. The segmentation retained must be such that for a given order of segmentation m, the quadratic difference Dm is minimum. This condition is necessary but not sufficient for the determination of the optimal segmentation. The following constraint must be added: the averages of the two contiguous segments must be significantly different. This constraint is satisfied by application of the Scheffé test [DAGNELIE 1970 ]. According to HUBERT et al. [1989] , this segmentation procedure can be interpreted as a test of stationarity, constituting the null hypothesis of this test. If the procedure does not produce acceptable segmentation greater than or equal to 2, the null hypothesis is accepted. No significance level is assigned to this test. We define: ik, k = 1, 2, ..., m; nk = ikik -1, k the average of the k th segment,
Rang correlation test
Rang correlation test, according to KENDALL and STUART [1943] , WMO [1966] , OLANIRAN [1991] and LUBES-NIEL et al. [1998] , is based on the computation of the number P of pairs (x i , x j ) for which x j > x i (j > i, I = 1, ..., N -1). Under the null hypothesis (H 0 ) of stationarity of the series, the variable ω, defined by:
follows a normal distribution of zero mean and variance equal to:
SIMPLE ACCUMULATION METHOD
The simple accumulation method [MERRIAM 1937 ] is introduced in this study to verify the homogeneity of the data and to detect changes in the behaviour of watercourses. By representing the accumulated values of a variable as a function of time, we obtain a straight line whose slope break represents a change in the relationship, either because of a metrological problem or because of a change in trend.
AVERAGE DEVIATION INDEX OR DROUGHT INDEX (SI)

Standardized precipitation index (SPI)
In order to assess the degree of rainfall drought, the SPI index is used [EDWARDS 1997; EDWARDS, MCKEE 1997; MCKEE et al. 1993] . It is based on the probability of precipitation over a given period of time, and is as effective in analysing wet periods or cycles as dry periods or cycles [SVOBODA et al. 2012] . According to GUTTMAN [1993] , in order to calculate the SPI index, one should ideally have monthly readings spanning at least 20 to 30 years, but preferably 50 to 60 years, see more, which constitutes the optimal period. A probability distribution is fitted to this long series of readings and then converted to a normal distribution for the average SPI to be zero [ED- WARDS, MCKEE 1997] . Positive SPI values indicate precipitation above the median and negative values indicate below-median precipitation. MCKEE et al. [1993] used the classification system presented in the Table of SPI index values set out below in Table 3 to define the intensity of drought episodes based on the value of the index. They also defined the criteria for a drought episode for a time scale: Xi -annual precipitation, -annual average precipitation, E -standard deviation, SPI -standard precipitation index.
( 9 ) 
Standard temperature index (STI)
STI is an index that represents the probability of occurrence of a temperature value over temperature values over a longer period. Positive and negative STI values indicate temperatures above and below the median temperature of the long-term period, respectively. This index is used to identify abnormally hot and cold periods. STI values are classified according to Table 3 rules [FASEL 2015] .
Standardized stream flow index (SSFI)
To appreciate hydrological drought, an approach similar to SPI is used. It is based on the standardized SSFI flow index introduced by MODARRES [2007] . According to GHENIM and MEGNOUNIF [2011] , SSFI offers the advantage of controlling hydrological drought and/or water supply in the short, medium, and long term. Using the SSFI, the deficit and excess flow frequencies are also identified.
RESULTS AND DISCUSSION
BREAKAGE TEST OF PRECIPITATION, TEMPERATURE AND FLOW SERIES
By applying the Pettitt, Buishand, Lee and Heghinian, Hubert and rang tests, we study records of river flows from gauges, precipitation and temperatures in eastern Algeria (Mellah catchment) and find significant change points. Theoretically, a change point represents a sudden change in the statistics of a record. It is said that the main series has a break at time t' if the two sub-series have different distributions. Results of break tests are presented in Table  4 and Figure 6 .
The The results of the Pettitt, Buishand and rang tests recorded in Table 4 and Figure 6 , do not reveal significant breaks over 31 years at the two stations Souk Ahras and Guelma. While the results of the Lee and Heghinian test and Hubert's test, show the presence of breaks in the temperature series of Souk Ahras and Guelma in 1980/1981. However, we exclude this result since the series begins in 1979/1980. However, as shown in Figure 6c , the Buishand test shows a secondary break in 1986/1987.
The results of the Pettitt, Buishand, rang and Hubert tests show that no break over 31 years is reported at the Bouchegouf station. 
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SIMPLE ACCUMULATION
The accumulations of precipitation, temperature and runoff's depth in the annual time step (Fig. 7) , show that only the series of Mechroha presents a break in 2001/2002 and 1996/1997 and virtually no break in the time series of others stations. These results are similar to the results of breakage test, and do confirm them.
AVERAGE DEVIATION INDEX OR DROUGHT INDEX (SI)
Standardized precipitation index (SPI)
Examination of Figure 8 Mechroha, shows that from 2002/2003 to 2009/2010 the degree of humidity becomes important at the Mechroha station, it is clear that in 2009/2010 and 2004/2005, the humidity is high, whereas during the period from 1979/1980 to 1996/1997 , that is characterized by dry climate, the drought reached its maximum in 1987/1988.
At the Hammam N'bail station (Fig. 8) , we can observe that the years between 1979/1980 and 2001/2002 mark a dry period, with its extreme recorded in 1982/1983. Yet we are witnessing a pronounced climatic irregularity in this period. On the other hand, there is a return to humidity from 2002/2003-2009/2010 .
The analysis of Figure 8 shows that at the Bouchegouf station the series begins with drought years from 1979/1980 to 1994/1995, followed by a period 1995/1996-2001/2002 with obvious variability between drought and humidity. The rest of the series is more or less humid, always marking its irregularity.
Hence, we note that the change in the general state of the climate in Mechroha was in 1996 /1997 and 2001 /2002 , in Hammam N'bail was in 2001 /2002 and in Bouchegouf in 1994 /1995 and 2001 /2002 , as indicated by the previous results of breakage test of precipitation series.
As a result of this analysis, we can say that the three stations ( Fig. 9) have the same variability of humidity and drought and that they have not suffered extreme drought during the whole study period. Figure 5 shows a synchronism between the data of Souk Ahras station and Guelma station, so we do not have a large difference between the results from the two stations. After 1986/1987 the climate changed from cold to hot (Fig. 10) . The region has generally experienced moderate temperatures (Fig. 11) . 1979-1980 1982-1983 1985-1986 1988-1989 1991-1992 1994-1995 1997-1998 2000-2001 2003-2004 2006-2007 2009-2010 1979 -1980 1985 -1986 1991 -1992 1997 -1998 2003 -2004 2009 -2010 Years Hammam N'bail R² = 0.998 0 9000 18000 1979-1980 1985-1986 1991-1992 1997-1998 2003-2004 2009-2010 1979-1980 1982-1983 1985-1986 1988-1989 1991-1992 1994-1995 1997-1998 2000-2001 2003-2004 2006-2007 2009-2010 1979/1980-2009/2010 at the three rainfall stations; source: own study Fig. 10 . Annual standard temperature index (STI) during the period (1979/1980-2009/2010 ) at the two weather stations; source: own study Fig. 11 . Percentage share of years with a certain cold and hot degree during the period (1979/1980-2009/2010) at the two weather stations; source: own study 1979-1980 1982-1983 1985-1986 1988-1989 1991-1992 1994-1995 1997-1998 2000-2001 2003-2004 2006-2007 2009-2010 5 1979-1980 1982-1983 1985-1986 1988-1989 1991-1992 1994-1995 1997-1998 2000-2001 2003-2004 2006-2007 2009-2010 5 1979-1980 1982-1983 1985-1986 1988-1989 1991-1992 1994-1995 1997-1998 2000-2001 2003-2004 2006-2007 2009-2010 1979-1980 1982-1983 1985-1986 1988-1989 1991-1992 1994-1995 1997-1998 2000-2001 2003-2004 2006-2007 2009-2010 
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Standardized flow index (SSFI)
The presentation of SSFI (Fig. 12) , in the period between 1979/1980 and 2009/2010 is characterized by 50% dry years and 50% wet years with different degrees (Fig.  13 ). It can also be noted that the series shows significant fluctuations over time without there being any real privileged direction. These variations reflect the intrinsic variability of hydrological series. Fig. 12 . Annual standardized flow index (SSFI) during the period (1979/1980-2009/2010) at Bouchegouf station; source: own study Fig. 13 . Percentage share of years with a certain cold and hot degree during the period (1979/1980-2009/2010) at Bouchegouf station; source: own study
The use of statistical tests makes it possible to detect the years of break on the different series of rainfall, hydrometric and temperature observations. The rainfall series analysis over the period 1979/1980-2009/2010 , of the Wadi Mellah watershed, shows that the chronicles are not stationary and that they underwent at least one break in 1996 /1997 in Mechroha and in 2001 /2002 bail. These results corroborate with those of the KHOUALDIA et al. [2014] study where significant primary breaks are detected in the rainfall series of the Medjarda watershed, in Ain Dalia 1996 /1997 and El Kouif (2001 /2002 . It is noted that the majority of breaks are localized in the 80's and 90's. According to NOUACEUR [2011] the last period concerns the end of the series 2002-2006. The analysis of rainfall data from this last phase showed an increase in the frequencies from wet to very humid years. Observations made in 2007, 2008, 2009 and 2010 also confirm the predominance of wetter conditions, since the Ministry of Agriculture, Rural Development and Fisheries (Fr. Ministère de l'Agriculture, du Développement Rural et de la Pêche) in Algeria has announced for this last year, a record cereal production of 6.2 mln Mg, a figure never reached by Algerian agriculture. The figures published by the Ministry of Water Resources and Environment of Algeria (Fr. Ministère des Ressources en Eau et de l'Environnement) also report a filling rate of the various dams over 70% over the last three years. In parallel with this trend, there is also a clear upsurge of thunderstorms in almost all stations. The rains falling on the Algerian territory have thus become more intense, this argument is also supported by an unprecedented increase in floods and devastating floods in the country.
In the western region of Algeria and for all tests, the break occurred during the decade 1970 -1980 , according to MEDDI and MEDDI [2009b On all the tests, no break was detected in the Bouchegouf hydrometric station and the simple accumulation method confirms this result. For the temperatures, secondary break is observed in 1986/1987.
Several indices relating to drought are proposed and calculated in this paper (SPI, STI, SSFI), most of these indices take as reference the most frequent value which is generally the climatological average, or the frequency analysis thanks to which drought thresholds can be easily calculated. In general, the drought threshold is chosen according to the desired severity since there is no prior rule. The results show that drought is a recurring phenomenon. The average deviation method gives a percentage of 20-40% light drought, 7-20% moderate drought and 0-3% sharp drought and a percentage of 16-30% % light humidity, 4-20% moderate humidity and 2-6% strong humidity, 2% extremely hot and humid years according to the classification by the standardized index. It appears that the meteorological drought, characterized by a rainfall deficit, automatically results in a hydrological drought expressed by a reduction of the surface flow.
CONCLUSIONS
Drought index (SI) can be helpful in providing warning of drought and help to assess the drought severity. It is spatially consistent and allows comparison between different locations and climate, also its probabilistic nature gives it a historical context well suited for decision making. In this study, the use of SPI has helped to describe droughts throughout the basin between 1979 and 2009. The region has experienced a change in climate since 2001. Rainfall has increased significantly, particularly in the Mechroha. The study period was divided into two sequences; a dry sequence from 1979 to 2001, and a wet sequence from 2002 to 2009. The completion of the SPI indicators on the entire basin shows a heterogeneous distribution of precipitation across the Mellah basin either in the dry cycle or in the wet cycle. It shows that the Bouchegouf is most affected by the continuous drought conditions. This indicator significantly reflects the runoff performance of Wadi Mellah at the Bouchegouf hydrometric station. In the water level and there was a deficit in the period 1987/1988-2001/2002 and 2005/2006-2009/2010 using the SSFI index. The hydrological response to rainfall events is complex, with many factors influencing flows, including aquifer recharge. Thus, after a succession of excess flows, the decrease in SSFI is sometimes delayed.
The results of this study provide an important database for assessing risks to climate variability. In this context, the improvement of observing systems is necessary to have reliable and sufficient data to better characterize the climate and make good forecasts that should contribute to a better adaptation to the likely adverse effects of climate variability. These results can be used to predict droughts in Mellah watersheds that allow the effective planning and management of water resources and agricultural activities, as well as the development of drought adaptation measures.
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